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WO 00/64882 PCT/EP00/02705 

Enantiomers of Mercapto Lactones and Processes for their Synthesis 



The present invention relates to a new process for the synthesis of enantiomers of 
mercapto lactones, and their acyl derivatives which are useful intermediates in the 
preparation of compounds of formula (I). 

Compounds of formula (I) have the following structure 

o 




in which R 1 individually represents OC(=0)C^alkyl; R 2 individually represents hydrogen, 
methyl (which may be in either the a or p configuration) or methylene; or R 1 and R 2 
together represent 




wherein R 3 and R 4 are the same or different and each represents hydrogen or alkyl; 
X 1 and X 2 are the same or different and each represents hydrogen or halogen; 
rrrr " represents a single or double bond; and n=0 or 1. These compounds were first 
described in PCT patent publications W097/24365 and W097/24367. Currently there is 
considerable interest in compounds of formula (I), for example compound A, as anti- 
inflammatory and anti-allergic compounds in the treatment of asthma and other 
inflammatory diseases. 
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Compound A is 16a t 17a-(R-butylidenedioxy)-6a,9a-difluoro-1ip-hydroxy-3-oxo- 
androst-4-ene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3S-yl) ester. 

The route of synthesis of the compound A described in the specification of W097/24365 
is specifically described therein in example 19. 

One route to compounds of general formula (I), in which n = 0, described in 
W097/24365 involves coupling a carboxylic acid of formula (II) 




with racemic a-mercapto-y-butyrolactone (formula (III)) 

v_y (no 

to yield a 1:1 mixture of lactone diastereoisomers of formula (I) which require separation. 
Due to the separation step this method is not amenable to large scale synthesis. 
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A further route referred to in W097/24365 for when n=0 involves the conversion of a 
compound of formula (II) to a compound of formula (IV), using difficult and toxic reagents 
such as hydrogen sulphide gas. 




* (IV) 

The compound of formula (IV) is then reacted with an enantiomerically pure compound 
of formula (V) 

o 




(V) 



in which X represents a suitable leaving group, (for example chloro, bromo, or OSOjA 
wherein A is CH 3 , CF 3 , or p-CH 3 C 6 H 4 ) to yield a single diastereoisomer of formula (I). 
This process requires the use of hydrogen sulphide gas, which is very toxic and difficult 
to handle. Furthermore, the compound of formula (IV) is not stable on storage and must 
be kept cold. Also, the route is long since it requires an additional synthetic 
transformation. 

One route to compounds of general formula (I), in which n = 1, described in 
W097/24365, involves treating a compound of formula (VI) 

O 

H0 \^sli^ 
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wherein R\ R 2 , X 1 and X 2 are as previously defined, and L represents a suitable leaving 
group such as a sulphonate ester, for example a mesylate, tosylate or triflate, or L 



to yield a 1:1 mixture of lactone diastereoisomers of formula (I) wherein n = 1 which 
require separation. Due to the separation step this method is not amenable to large 
scale synthesis. 

An ideal route for the synthesis of a compound of formula (I) should produce the 
compound in high yields at a reasonable speed and at low cost with minimum waste 
materials and in a manner that is of minimum impact to the environment in terms of 
energy consumption and disposal of waste-materials. 

We have found a new process for the synthesis of the enantiomers of compounds of 
formula (III), providing many advantages in the preparation of compounds of formula (I) 
over previously known routes of synthesis. Such advantages include avoiding the need 
for a difficult separation step, avoiding the use of unpleasant and toxic reagents such as 
hydrogen sulphide gas, lower cost, less waste, and more efficient use of materials. 

The single enantiomers of compound (III), (S)-a-mercapto-y-butyrolactone and (R)-a- 
mercapto-y-butyrolactone, are represented by the formulae (Ilia) and (lllb). 



represents a halogen such as chloro or bromo, 



with racemic a-mercapto-y-butyrolactone (formula (III)) 



O 




(III) 



o 



o 




(Ilia) 




(lllb) 
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The single enantiomer of formula (Ilia), substantially free of the corresponding 
enantiomer, may be prepared by the following reaction sequence, which is presented as 
a feature of the present invention: 



5 




In formula (Villa), A represents CH 3 , CF 3( or p-CH 3 C 6 H 4 , more preferably CH 3 . In formula 
(IXa), R represents alkyl or phenyl optionally substituted by one or more substituents 
selected from halo, alkyl, hydroxy, and C 1-3 alkoxy, more preferably R is CH 3 . 

10 

Step A is carried out by treating a compound of formula (Vila) with a sulfonyl chloride or 
sulfonic anhydride, preferably methanesulfonyl chloride or trifluoromethanesulfonyl 
chloride (most preferably methanesulfonyl chloride) preferably in the presence of a base, 
for example a trialkylamine base such as triethylamine or diisopropylethylamine, or an 

15 aromatic base such as pyridine, lutidine or 4-N,N-dimethylaminopyridine (most 
preferably the base will be triethylamine or 4-N,N-dimethylaminopyridine, especially 
triethylamine and 4-N,N-dimethylaminopyridine), and preferably in a suitable solvent, for 
example aromatic solvents such as toluene, ester solvents such as ethyl acetate, ether 
solvents such as tetrahydrofuran (THF), dimethoxyethane and dioxane, amides such as 

20 dimethylformamide, ketones such as methyl isobutyl ketone, or chlorinated 
hydrocarbons such as dichloromethane. Preferably the solvent is selected from the 
group consisting of dichloromethane, ethyl acetate and methyl isobutyl ketone; most 
preferably the solvent is ethyl acetate. Preferably, the reaction is carried out at a 
temperature in the range of -40°C to ambjent temperature, most preferably from 10°C 

25 to 20°C. Step A will then be completed by recrystallisation of the compound of formula 
(Villa) according to appropriate conditions, preferably using ethyl acetate for 
recrystallisation. 

Step B is carried out by treating a compound of formula (Villa) with a thiocarboxylate salt 
30 (especially a thioacetate salt). Suitable thiocarboxylate salts include inorganic salts 
(such as potassium or cesium), trialkylamine salts (such as triethylamine), or aromatic 
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amine salts (such as pyridine and lutidine). The thiocarboxylate salts are either 
commercially available, prepared by standard methods, or generated in situ from 
thiocarboxylic acid; the preferred thiocarboxylate salt is potassium thioacetate. 
Preferably, the reaction is carried out in a suitable solvent, for example aromatic 
5 solvents such as toluene, esters such as ethyl acetate, amides such as 

dimethylformamide, ethers such as THF, dioxane, and dimethoxyethane, or chlorinated 
hydrocarbons such as dichloromethane. Preferably the solvent is selected from the 
group consisting of toluene, dimethoxyethane and THF; more preferably, the solvent is 
toluene. Preferably, the reaction is carried out at a temperature in the range of -20°C to 
10 ambient temperature, most preferably room temperature (20°C). 

Step C is carried out by reacting a compound of formula (IXa) with an aliphatic alcohol, 
for example methanol or ethanol, preferably methanol, in the presence of an inorganic 
acid, for example hydrochloric acid, or alternatively with an aromatic amine, for example 

15 4-chioroaniline; preferably the aliphatic alcohol will be present with hydrochloric acid. 
Preferably the reaction is carried out in the presence of a suitable solvent, for example 
aromatic solvents such as toluene, ether solvents such as dioxane or THF, or 
chlorinated solvents such as dichloromethane. Preferably, the solvent is toluene or 
dioxane; more preferably, the solvent is toluene. Step C will then be completed by 

20 vacuum distillation of the compound of formula (lllla) according to appropriate 
conditions. 

The single enantiomer of formula (lllb), substantially free of the corresponding 
enantiomer, may be prepared by an analogous process in which reagents and 
25 conditions are as in steps A, B and C above, and which is presented as a further feature 
of the present invention, using as starting material the (S) enantiomer (Vllb) as follows 




30 Substituents A and R in formulae (Vlllb) and (IXb) respectively are as defined above for 
formulae (Villa) and (IXa). 
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Enantiomeric compounds (Ilia), (lllb), (IXa) and (IXb), substantially free of the 
corresponding enantiomer, are novel and are presented as further features of the 
present invention. 

By 'substantially free' is meant no more than about 10% w/w of the corresponding 
enantiomer, particularly no more than about 5% w/w, and more particularly less than 
about 3% w/w is present. 

Compounds (IXa) and (IXb) wherein R is methyl, are (S)-a-acetytthio-y-butyrolactone 
and (R)-a-acetylthio-y-butyroIactone respectively. 

Alternatively, the single enantiomers (IXa) and (lllb) may be prepared by an enzymatic 
transacetylation reaction of racemic compound (IX), which is presented as a further 
feature of the present invention. Compound (IXa) prepared in this manner may then be 
separated from compound (lllb) by distillation and converted to compound (Ilia) as 
illustrated in the reaction scheme above. 




Racemic (IX) (IXa) (|||b) 



This transacetylation reaction is preferably carried out in the presence of an alcohol, 
such as butanol, benzyl alcohol, hexanol or octanol, most preferably butanol, and a 
suitable lipase or esterase enzyme, preferably mucor meihei lipase, in toluene and/or 
isooctane, most preferably toluene, containing a small amount of water. Preferably, the 
reaction will be carried out at a temperature in the range of -20°C to room temperature, 
most preferably 5°C. 

The compounds (Vila) and (VHb) are commercially available. Racemic compound (IX) 
may be prepared by the method described in Fuchs, Swed. Ark. Kemi (1966), 26 (10), 
111-116. Compounds of formula (II) may be prepared by methods known in the art, for 
example by the methodology described in Kertesz and Marx, Journal of Organic 
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Chemistry, 1986, 51, 2315-2328, the contents of which are incorporated herein by 
reference hereto. 



Compounds (Ilia) and (1Mb) may be used directly in the preparation of single 
diastereoisomers of compounds of formula (I) in which n=0 by reaction with a compound 
of formula (II): 




10 



15 



This represents a cost effective, convergent synthesis of a single diastereoisomer of 
formula (I) in high yield with no separation step. 

This reaction is presented as a further feature of the present invention. Preferably, the 
reaction is carried out in a solvent, for example amide solvents such as N,N- 
dimethylformamide and N-methyl-2-pyrrolidinone; ester solvents such as ethyl acetate 
and isopropyl acetate; ketone solvents such as acetone, 2-butanone and 4-methyl-2- 
pentanone; hydrocarbon solvents such as toluene; halogenated solvents such as 
dichloromethane; and nitrite solvents such as acetonitrile. Preferably, the solvent is 
acetone. 



20 



The reaction is carried out in the presence of a base. Preferably the base is a weak 
inorganic base such as sodium acetate or sodium bicarbonate. Potassium carbonate is 
an alternative base, but sodium bicarbonate is especially preferred. 
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The reaction is carried out in the presence of a coupling agent. Preferably, the coupling 
agent is C^benzotriazole-1-yl-A/,W,A/',A/'4etramethyluronium hexafluorophosphate (or its 
corresponding tetrafluoroborate salt). Preferably, the coupling agent is added to the 
compound of formula (II) at a temperature in the range 0 to 100 °C. Preferably, the 
coupling step with the compound of formula (III) is carried out at a temperature in the 
range -10 °C to ambient temperature, most preferably 4°C. This reaction will then be 
completed by recrystallisation of the compound of formula (I) according to appropriate 
conditions, preferably using isopropyl acetate and heptane for recrystallisation. 

Compounds of formula (II) may alternatively be prepared according to the following 
process: 




Step A is carried out in the presence of hydrogen peroxide and a base. Preferably the 
base is a weak inorganic base such as potassium carbonate, preferably the reaction will 
be carried out in the presence of an aliphatic alcohol, most preferably methanol, 
preferably at room temperature. Step A will then be completed by recrystallisation of the 
compound of formula (II) according to appropriate conditions, preferably using ethyl 
acetate for recrystallisation. 

Compounds (Ilia) and (lllb) may also be used directly in the preparation of single 
diastereoisomers of compounds of formula (I) in which n=1 by reaction with a compound 
of formula (VI): 
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k 2 



This represents a cost effective, convergent synthesis of a single diastereoisomer of 
formula (I) where n = 1 in high yield with no separation step. The reaction conditions are 
as described above for the reaction of compounds of formulae (II) and (Ilia) or (Mb), 

5 

The invention is further described by following examples, which are presented by way of 
illustration only. 

In the Examples, unless otherwise stated: 

10 

All temperatures refer to °C. Proton Magnetic Resonance ( 1 H-NMR) spectra were 
recorded at 300 MHz, chemical shifts are reported in ppm (8) from Me 4 Si, used as 
internal standard , and are assigned as singlets (s), doublets (d), doublet of doublets 
(dd), triplets (t), doublet of triplets (dt), quartets (q) or multiplets (m). The following 
15 abbreviations are used in text: AcOEt = ethyl acetate, TFA = trifluoroacetic acid, HCI = 
hydrochloric acid, EtOH = ethanol. 



20 
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Example 1 

(SVa-mercapto-Y-butYrolartone 

A. fR)-a-(Methvlsutfonvl)oxy-Y"butvrolactone 

Triethylamine (45ml, 323mmol) and 4-N,N-dimethylaminopyridine (3.6g, 29mmol) in 
anhydrous AcOEt (75ml) were added to a stirred solution of (RH+)-a-hydroxy-y- 
butyrolactone (30g ( 294mmol) in anhydrous AcOEt (300ml), under N 2 , at -40°. The 
solution was stirred for 10min. Methanesulfonyl chloride (25ml, 323mmol) was added 
slowly to the reaction, maintaining the temperature below -35°. The mixture was stirred 
for 2h at -40°. Upon completion the mixture was allowed to warm up to ambient 
temperature. The mixture was diluted with AcOEt (450ml) and filtered. The solid was 
washed with AcOEt (3x60ml). The filtrate was washed with a solution of 50% H 2 0 and 
50% brine (60ml). The organic layer was washed with 1 N HCI (45ml), a solution of 50% 
H 2 0 and 50% saturated brine (45ml), a saturated aqueous NaHC0 3 solution (45ml), and 
a solution of 50% H 2 0 and 50% brine (2x45ml). The solvent (780ml) was removed 
under reduced pressure and hexanes (500 ml) was added to the mixture. The mixture 
was stirred at 5° for 2h. The mixture was filtered, and solid was dried under vacuum at 
room temperature to yield (R)-a-(methylsulfonyl)oxy-y-butyrolactone as a white solid 
(45g, 85%). 1 H-NMR (CDCI 3 ): 8 5.32 (1H, t, J=8.7Hz), 4.52 (1H, m), 4.33 (1H, m), 3.27 

♦ 

(3H, s), 2.76 (1 H, m), 2.56 (1 H, m). 

B. ( S)-a-acetvlthio-Y-butvrolactone 

Potassium thioacetate (7.33g, 64.17mmol) was added to a solution of (R)-a- 
(methylsulfonyl)oxy-y-butyrolactone (11g, 61.11mmol) in toluene (220ml) at 5°. The 
reaction mixture was stirred at ambient temperature for 36 h. The mixture was filtered 
and the solid was washed with toluene (3x22ml). The organic layer was washed with 
water (3 ml) and 1 N HCI (3 ml). The organic solution was dried over sodium sulfate, the 
toluene was removed by rotary evaporation to give (S)-a-acetylthio-y-butyrolactone as a 
liquid (9.2g, 94% yield): 98% e.e. (HPLC, column: Daicel AD, 10% EtOH / Hexanes, flow 
1ml/min); 1 H-NMR (CDCI 3 ), 8 4.40 (1H, m), 4.26 (1H, m), 4.23 (1H, m), 2.70 (1H, m), 
2.35 (3H, s), 2.23 (1H, m). 13 C-NMR (75MHz, CDCI 3 ): S 193.59, 174.72, 66.95, 40.46, 
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30.42, 30.30. Anal. Calcd for C 6 H 8 0 3 S : C, 44.99; H, 5.03; S, 20.02. Found: C, 44.81; H, 
5.05; S, 20.10%. 



C. (S)-a-mercapto-Y-butvrolactone 
5 Methanol (46ml) and 4M HCI in dioxane (9.2ml, 36.8mmol) were added to (S)-a- 
acetyKhio-y-butyrolactone (9.2g, 58mmol) in toluene (138ml) at 0°. The solution was 
stirred at ambient temperature overnight. Upon completion of the reaction, 92ml of 
solvents were removed under vacuum. Toluene (92ml) and TFA (0.1 ml) was added to 
give a pH of 1 .5-2.0. The solution was stirred overnight. Toluene was removed under 

10 vacuum to give crude product. The crude product was dried under vacuum for 15min at 
ambient temperature. Vacuum distillation gave (S)-a-mercapto-y-butyrolactone (5.9g, 
87% yield) (b.p. 50-51°, 200millitorr): 98% e.e. (HPLC, column: Daicel AD, 10% 
EtOH/Hexanes, flow 1ml/min). 'H-NMR (CDCI 3 ): 8 4.47 (1H, m), 4.32 (1H, m), 3.72 (1H, 
m), 2.69 (1H, m), 2.33 (1H, d. J=4.8Hz), 2.18 (1H, m). 13 C-NMR (75MHz, CDCI 3 ): 8 

15 176.89, 66.77, 34.97, 32.09. Anal. Calcd for C 4 H 6 0 2 S : C, 40.66; H, 5.12; S, 27.14. 
Found: C, 40.61; H, 5.13; S, 26.99%. 

Example 2 

1 6a. 1 7a-(R-butvlidenedioxv)-6a. 9a-difluoro-1 1 B-hvdroxv-3-oxo-androst-4-ene-1 7B- 
20 carbothioic acid S-(2-oxo-tetrahydro-furan-3S-yl) ester- 
Step A) 

6a. 9a. Difluoro-11B-hvdroxv-16a. 17a-isoDropvlidenedioxv-3-oxo-androst-4-ene-17B 
carboxylic acid 

25 A mixture of 1 ,2-dihydrofluocinolone acetonide (5.0g, 1 1 .0 mmol), potassium carbonate 
(4.56g, 33.0 mmol) and hydrogen peroxide (18.5 ml, 16.5 mmol as a 3% wt/vol. solution 
in water)was stirred in methanol (35 ml) at ambient temperature for 24 hours. The 
mixture was then treated with additional hydrogen peroxide (12 ml, 1 1 .0 mmol ) for an 
additional 24-hour period. Water (25 ml) was added and the solution was washed with 

30 ethyl acetate (25 ml) followed by hexanes (25 ml). The aqueous layer was then 

adjusted to pH 2 by addition of concentrated HCI, which resulted in a precipitate. The 
acidic aqueous layer was washed with ethyl acetate (2x25 ml) and the combined ethyl 
acetate extracts evaporated to dryness. The resulting off white solid was triturated in 1:1 
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hexanes-ethyl acetate (30ml) and filtered and dried at 50°C for 24 hours to provide the 
title compound as a off-white solid. (3.93g, 81%). 1H-NMR (DMSO-d6): 5.77(s,1H), 5.55 
and 5.40(2m, 1H), 5.1(m,1H), 4.90(m,1H), 4.10(m,1H), 2.5-2.35(m, 3H), 2.35-2.1(2m, 
3H), 2.0-1 .85(m, 3H), 1.7-1.4 (m, overlapping s at 1.45, 5H) 1.35-1.20(m overlapping s 
5 at 1 .29, 4H), 1 .13 (s, 3H), 0.9 to 0.75 (m, overlapping s at 0.87, 4H). 

Step B) 

1 6a. 1 7a-f R-butvlidenedioxv)-6a.9a-difluoro-1 1 B-hvdroxv-3-oxo-androst-4-ene-1 7B- 
carboxylic acid 

10 70% perchloric acid (22.8ml, 264mmol) was added to a stirred mixture butyraldehyde 
(11ml, 122mmol) and 6a,9a-difluoro-11p-hydroxy-16a f 17a-isopropylidenedioxy-3-oxo- 
androst-4-ene-17p carboxylic acid (30.40g, 69mmol) in dichloromethane (608m!) at 
-3 °C. The mixture was stirred overnight at -3 °C and then 6% aqueous sodium 
carbonate ( 248ml) was added. The mixture was then allowed to warm to room 

15 temperature and 6% aqueous sodium carbonate (304ml) was added. After 3 hours the 
phases were separated and the organic phase was extracted with 6% aqueous sodium 

i 

carbonate ( 2x60ml ). The combined aqueous phase was washed with toluene 

(2x1 50ml). Then, the aqueous phase was rapidly stirred as cone, hydrochloric acid was 

added until a pH of 2-1 was obtained. The resulting slurry was suction-filtered, and the 

20 filter plug was washed with water (3x60ml) and dried in air overnight to give a crude 
product (31 g, containing 9% of the undesired acetal epimer). The crude product was 
dissolved in EtOH-water (1:2, ca. 532ml) by heating at 72-73 °C and the resulting 
solution was allowed to cool to room temperature overnight. The mixture was filtered, 
and the solid was washed with 30ml of water. The solid was dried in a vacuum oven at 

25 90-1 00 °C to give the product (24g) with 1 .6% of epimer. Recrystallization was repeated 
(12vol EtOH-water 1:2, ca. 430 ml). The product was dried in a vacuum oven at 90-100 
°C to provide the title compound as an off-white solid (21. 6g, 69% total yield, containing 
0.3-0.5 % of the undesired epimer). 1 H-NMR (300 MHz, DMSO, d 6 ) 8 0.86 (t r 3H); 0.92 
(s, 3H); 1.31-1.57 (m, 7H); 1.47 (s, 3H); 1.74 (d, 1H); 1.91-2.42 (m, 8H); 4.14 (m, 1H); 

30 4.62 (t, 1H); 4.87 (br, 1H); 5.14 (br, 1H); 5.42-5.57(m, 1H); 5.81(s, 1H). 
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Step C) 

16a.17a-(R-butvlidenedioxv)-6a.9a-difluoro-11B-hvdroxv-3-oxo-androst-4-ene-17B- 
carbothioic acid S-(2-oxo-tetrahydro-furan-3S-yl) ester. 

A mixture of 16a,17a-(R-butylidenedioxy)-6a,9a-difluoro-11p-hydroxy-3-oxo-androst-4- 
ene-17p-carboxylic acid (6.00g, 13.2mmol), 0-benzotria20le-1-yl-W,A/,/V',A/- 
tetramethyluronium hexafluorophosphate (HBTU, 5.98g, 15.8mmol), and sodium 
bicarbonate (2.28g, 27mmol), in acetone (45ml) was stirred under nitrogen and heated at 
43° for 16h. The mixture was cooled to 0° and treated with more sodium bicarbonate 
(2.28g, 27mmol) then a solution of (S)-a-mercapto-Y-butyrolactone (ca. 98% e.e., 2.34g, 
19.80mmol) in acetone (3ml). The mixture was stirred at 0° for 25h and the cold 
reaction mixture was then poured into isopropyl acetate (100ml). 1 N HCI (50 ml) was 
then added and the layers were separated. The organic layer was washed with 5% 
potassium carbonate (50 ml) then brine (50 ml) and dried over sodium sulfate, filtered, 
and concentrated under reduced pressure. The residue was then crystallized from hot 
isopropylacetate (24ml). The resulting slurry was suction-filtered and the white solid 
dried in a vacuum oven at 80° for 3 days affording the title compound (5.45g, 75% yield). 
M.pt. 169-173°; 1 H-NMR (CDCI 3 ) 8 6.13 (1H,s); 5.26 (1H, dm, J = 47.5 Hz); 4.84 (1H, d, 
J = 5.2 Hz); 4.73 (1H, t, J = 4.2Hz); 4.47 (1H, dt, J = 8.6 Hz, 2.9 Hz); 4.4 - 4.28 (3H,m); 
2.75 (1H,m); 2.6 - 2.4 (3H,m); 2.4 - 2.18 (4H,m); 2.0 (1H,m); 1.9 - 1.6 (8H,m); 1.52 
(3H,s); 1.46 (2H, q, J = 7 Hz); 1.00 (3H,s); 0.95 (3H, t, J = 7.3 Hz). 

The compound of Example 2 is capable of preparation according to the invention at an 
overall yield of 30% in 4 linear steps from the starting material (fluocinoline acetonide), 
resulting in a product with <2% of the undesired lactone isomer. This is clearly 
advantageous when compared with previously known syntheses, the best of which 
obtain the compound in 5 linear steps from identical starting material, obtaining an 
overall yield of 8% and resulting in a much less pure end product (approximately 5% of 
the undesired lactone isomer). 
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CLAIMS 

1. (S)-a-acetylthio7-butyrolactone substantially free of the corresponding 
enantiomer. 



2. (R)-a-acetylthio-y-butyrolactone substantially free of the corresponding 
enantiomer. 



3. (S>-a-mercapto-y-butyrolactone substantially free of the corresponding 
enantiomer. 



4. (R)-a-mercapto-y-butyrolactone substantially free of the corresponding 
enantiomer. 



5. A process for the preparation of a compound of formula (IXa) 




wherein R represents C 1>6 alkyl or phenyl optionally substituted by one or more 
substituents selected from halo, Chalky I, hydroxy, and alkoxy; comprising 
a) treating a compound of formula (Vila) 




with a sulfonyl chloride or sulfonic anhydride in the presence of a base; and 

b) treating the resultant compound of formula (Villa) 

o 



aso 2 o 




o 

(Villa) 
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wherein A represents CH 3 , CF 3l or p-CH 3 C 0 H 4 ; with a thiocarboxylate salt. 



6. A process for the preparation of a compound of formula (IXb) 



15 




5 wherein R represents C 1j6 alkyl or phenyl optionally substituted by one or more 
substituents selected from halo, alkyl, hydroxy, and alkoxy; comprising 
a) treating a compound of formula (VI lb) 




(Vllb) 



with a sulfonyl chloride or sulfonic anhydride in the presence of a base; and 
1 0 b) treating the resultant compound of formula (VI lib) 



aso 2 o. 




wherein A represents CH 3 , CF 3 , or p-CH 3 C 6 H 4 ; with a thiocarboxylate salt. 

7. A process for the preparation of a compound of formula (Ilia) 

O 

HS 

(S) (llla , 

comprising reacting a compound of formula (IXa) 

o 
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wherein R represents alkyl or phenyl optionally substituted by one or more 
substituents selected from halo, alkyl, hydroxy, and alkoxy; with an aliphatic 
alcohol in the presence of an inorganic acid, or alternatively with an aromatic amine. 

8. A process for the preparation of a compound of formula (lllb) 

0 

HS 



(R) \j (nib) 



comprising reacting a compound of formula (IXb) 




wherein R represents alkyl or phenyl optionally substituted by one or more 
substituents selected from halo, alkyl, hydroxy, and alkoxy; with an aliphatic 
alcohol in the presence of an inorganic acid, or alternatively with an aromatic amine. 

9. A process for the preparation of compounds of formulae (IXa) and (lllb) 





(IXa) (|||b) 

wherein R represents alkyl or phenyl optionally substituted by one or more 
substituents selected from halo, alkyl, hydroxy, and alkoxy; comprising the 
enzymatic transacetylation of racemic compound (IX) 




Racemic (IX) 
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wherein R is as defined above, in the presence of an alcohol and a suitable lipase or 
esterase enzyme in a solvent containing water. 

10. A process for the preparation of a single enantiomer of a compound of formula 
(I) 



o 




in which R 1 individually represents OC(=0)C^alkyl; R 2 individually represents hydrogen, 
methyl (which may be in either the a or 0 configuration) or methylene; or R 1 and R 2 
together represent 

— c/r 4 

wherein R 3 and R 4 are the same or different and each represents hydrogen or alkyl; 
X 1 and X 2 are the same or different and each represents hydrogen or halogen; 

rrrr ' represents a single or double bond; and n=0; comprising the reaction of a 
compound of formula (Ilia) or (lllb) 




with a compound of formula (II) 
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in which R\ R 2 , X 1 and X 2 are as defined above for formula (I), in the presence of a base 
and a coupling agent. 

11. A process according to claim 1 0 wherein the base is sodium bicarbonate and 
the coupling agent is 0-benzotriazole-1-yl-A/,A/,A/',A/4etramethyluronium 
hexafluorophosphate. 

12. A process for the preparation of a single enantiomer of a compound of formula 
(i) 




in which R 1 individually represents OC(=0)C^alkyl; R 2 individually represents hydrogen, 
methyl (which may be in either the a or p configuration) or methylene; or R 1 and R 2 
together represent 
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wherein R 3 and R 4 are the same or different and each represents hydrogen or alkyl; 
X 1 and X 2 are the same or different and each represents hydrogen or halogen; 

represents a single or double bond; and n=1; comprising the reaction of a 
compound of formula (Ilia) or (lllb) 




in which R\ R 2 , X 1 and X 2 are as defined above for formula (I), and L represents a 
suitable leaving group, in the presence of a base and a coupling agent. 



13. A process according to claim 12 wherein the base is sodium bicarbonate and 
the coupling agent is 0-benzotriazole-1-yl-A/,A/,A/',A/-tetramethyluronium 
hexafluorophosphate. 
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